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FLAT PLATE COLLECTOR DESIGN FOR THE CENTRAL U. S.
Joseph T. Zung 
Department o f  Chemistry  
U n iv e r s i t y  o f  M i s s o u r i - R o l l a  
R o l l a ,  M i s s o u r i
A b s t r a c t
An e f f i c i e n t  d e s i g n  f o r  both  h ea t in g  and c o o l in g  
o f  an ave ra g e  s iz e d  r e s id e n c e  i s  p re sen ted .  The main 
so u rce  o f  energy  i s  d e r i v e d  from a l a r g e  ro o f  top f l a t  
p l a t e  c o l l e c t o r  b u i l t  in to  the r o o f  s t r u c t u r e  o f  the  
house . The amount o f  s o l a r  energy c o l l e c t e d  i s  s to red  
in  a com bination  o f  hot a i r  and hot w a te r  s to r a g e  
system lo c a te d  underneath  the house . An a u x i l i a r y  e l e c ­
t r i c  h e a t in g  c o i l  i s  b u i l t  into  the s o l a r  h e a t in g  s y s ­
tem f o r  use in  any extended  p e r io d  o f c loudy  and 
inc lement w ea th e r .  The system i s  so des igned  as  to 
s a t i s f y  the two key requ irem ents  f o r  any s u c c e s s fu l  
s o l a r  house ,  nam ely , ECONOMIC FEASIBILITY and RELIABIL­
ITY / " M a t e r i a l s  used f o r  c o l l e c t o r s ,  work ing f l u i d s ,  
/sto rage  equipment, e t c .  a r e  r e a d i l y  a v a i l a b l e  in  lumber  
/y a rd s .  The c o s t  o f  the s o l a r  system i s  kept to  a m in -  
| imum and can be compensated by a r c h i t e c t u r a l  d e s ign  
i and c o n s t r u c t io n  s a v in g s  through the use  o f  the c o l l e c t -  
| o r  i t s e l f  as  the main r o o f  s t r u c t u r e .  I t  i s  b e l i e v e d  
/ th a t  the  co st  o f  t h i s  s o l a r  house w i l l  not exceed tha t  
o f  a r e s i d e n t i a l  d w e l l i n g  o f  comparable s i z e  and 
q u a l i t y  in  M i s s o u r i .  However, the s av in g  in  f u e l  con­
sumption w i l l  be s u b s t a n t i a l ,  up to 80%.
In t r o d u c t io n
The amount o f  s o l a r  r a d i a t i o n  reach in g  the U. S. 
d a i l y  i s  more than a thousand times l a r g e r  than our  
d a i l y  energy  consumption. However, in the p a s t ,  s u n l ig h t  
as an energy  sou rce  has not been tapped s i g n i f i c a n t l y  
fo r  p e r fo rm in g  m echan ica l  work, fo r  the f o l l o w in g  
r e a s o n s :
( 1 )  -  S u n l ig h t  i s  not continuous at  any lo c a t i o n .  Energy  
c o l l e c t e d  du r ing  the  s u n l ig h t  hours must be s to red
fo r  n ig h t  u se ;
( 2 )  -  Conve rs ion  o f  sun energy  in to  m echanical and 
e l e c t r i c a l  work i s  very  i n e f f i c i e n t .  The conve rs ion  
e f f i c i e n c y  f o r  the most modern p h o t o c e l l s  i s  10-15 % 
at b e s t ,  and the maximum t h e o r e t i c a l  e f f i c i e n c y  has 
been c a l c u l a t e d  to be o n ly  24%;
( 3 )  -  S o l a r  energy has a low i n t e n s i t y .  I t  r e q u i r e s  
about 50 squ are  m i le s  o f  s o la r  c o l l e c t o r  a r e a  to 
ge n e ra te  3,500 megawatts o f  e l e c t r i c  power, j u s t  enough 
to s a t i s f y  the e l e c t r i c a l  needs of a c i t y  o f  the s i z e  
o f  Los A n ge le s .
On the o th er  hand, s o l a r  energy i s  p l e n t i f u l  and 
p o l l u t i o n - f r e e .  The on ly  form o f  p o l lu t io n  i s  the 
e s t h e t i c  p o l l u t i o n  a r i s i n g  from ex te n s iv e  c o l l e c t o r  
a re a s ,  which cou ld  d e s t ro y  the beauty o f  our landscape .
Recent r e s e a rc h  has been concentra ted  on two 
main o b j e c t i v e s :  to  p ro v id e  heat and e l e c t r i c  power 
to the n a t io n  through u t i l i z a t i o n  o f s o l a r  energy .  
Ambitious programs have been i n i t i a t e d  to c o l l e c t  
high tem perature  s o l a r  energy  to  gene ra te  e l e c t r i c i t y .  
These programs o f t e n  r e q u i r e  e l a b o r a t e  systems and 
de s ign s  to c o l l e c t  the s u n 's  energy and to convert it  
in to  e l e c t r i c a l  power. To use s o l a r  energy to  heat 
and coo l  r e s i d e n t i a l  homes, on the o th er  hand, does  
not r e q u i r e  expens ive  equipment. Present s t a t e  of the  
art  i s  q u i t e  adequate  to make s o l a r  heat ing  and c o o l in g  
very c o m p e t i t iv e  w ith  conven t ion a l  methods. In t h i s  
paper ,  I would l i k e  to d i s c u s s  the m er it s  and promises  
of such a house.
Des ign  Ph i lo soph y
Technology  f o r  u s in g  s o l a r  energy  f o r  w a te r  and 
space h e a t in g  has been worked out f o r  y e a r s .  R e ce n t ly ,  
s o la r -p o w e re d  houses a re  s p r in g in g  up in  D e law a re ,  
C o lo ra d o ,  F l o r i d a ,  and P e n n sy lv a n ia ,  w ith  p la n s  fo r  
o th e r s  on the d raw ing  b o a rd s .  Our o b j e c t i v e  in  th is  
program i s  to  d e s ig n  and b u i l d  a s o l a r  house tha t  meets 
a l l  s p e c i f i c  requ irem ents  fo r  the c l im a te  and o ther  
geog rap h ic  c h a r a c t e r i s t i c s  o f  M is so u r i  and su r roun d ing  
S t a t e s  in  the M id -W est .  F u r th e r ,  we hope to meet some 
o f  the most b a s i c  requ irem ents  f o r  p u b l i c  support  and 
acceptance  o f  such a house. To ga in  a w ide  p u b l i c  
support  and accep tance ,  i t  is  im p e ra t iv e  that  we g i v e  
the p u b l i c  w hatever  they want. But u s u a l l y ,  when we 
p re sen t  to the p e o p le  a p ro to ty p e  s o l a r  house , they 
o f t e n  f in d  the f o l l o w in g  o b j e c t i o n s :
( 1 )  -  S o l a r  houses a r e  at  bes t  some o d d i t i e s ,  w ith  
u n a cce p tab le  a r c h i t e c t u r a l  d e s ig n .  They a re  not the 
kind o f  homes peop le  would l i k e  to l i v e  in .
( 2 )  -  S o l a r  houses a r e  too exp en s ive .  I t  i s  im p e ra t iv e  
that we must keep the co s t  o f  the s o l a r  system down 
to a minimum. For example , a $10,000 s o l a r  system
to be added on to the cu r ren t  mortgage o f  the house  
would amount to more than $ 1 0 0  ex t ra  in  mortgage pay­
ment, which i s  more than what most f a m i l i e s  pay fo r  
t h e i r  u t i l i t i e s  in  the c o ld e s t  months.
( 3 )  -  S o la r  systems a re  not r e l i a b l e .  I t  i s  ev iden t  
that the g e n e ra l  p u b l i c  wants w in te r  and summer comfort  
with  the as su ran ce  o f  back -up  systems, and w ithout  
f r e q u en t  c o s t l y  r e p a i r s .
Furthermore, s in ce  s o h r  energy i s  d i f f u s e  and 
o f  a very  low i n t e n s i t y ,  the cost  o f  a s o l a r  system  
would r i s e  e x p o n e n t ia l l y  w ith  the h ea t in g  and c o o l in g  
lo a d s  and w ith  the degree  o f  s e l f - s u f f i c i e n c y  in  
p ro v id in g  a l l  the power requ irem ents  o f  the house. Thus 
i t  would be im p o ss ib le  to  keep the co st  down i f ,  f o r  
example , we must p ro v id e  e l e c t r i c i t y  f o r  cooking and 
l i g h t ,  s in ce  the p h o t o v o l t a ic  c e l l s  a r e  s t i l l  the most 
c o s t l y  components in  the energy conve rs ion  p ro c e s s .
To reduce the h e a t in g  and c o o l in g  lo ad s  as much as  
p o s s i b l e ,  we must f o l l o w  as c l o s e l y  as p o s s i b l e  a l l  
the energy sav ing  t i p s  in home c o n s t ru c t io n .  They a re  
l i s t e d  as f o l l o w s :
1 )  -  S i t i n g :
- B u i l t  your house on the sunny s id e  o f  a h i l l , t u c k ­
ed in to  the h i l l ;
-Keep a l l  su rround ing  t r e e s ,  e s p e c i a l l y  to  the  
North fo r  wind b reak e rs  and to the West fo r  s h ie ld  
ing the hot sun in the summer;
-F a ce  short w a l l s  to the N o rth ,  p r e f e r a b l y  w ithout  
any windows;
-F a ce  South a l l  l i v i n g  rooms, k i tc h e n ,  and fam ily  
rooms, face  Fast a l l  bedrooms.
2 )  -  House D e s ig n :
- B u i l d  vour house w ith  a minimum amount o f  e x t e r i o r  
w a l l s  fo r  a maximum l i v i n g  a re a .  A c i r c u l a r  house  
would be b e s t ,  but it  is  u s u a l ly  more expens ive  
to b u i l d ,  due to in c re a se  in la b o r  c o s t .  The next 
best  des ign  is  a t w o - s t o r y ,  square  or r e c ta n g u la r  
in shape.
-The f i r s t  f l o o r  must be w e l l  in su la ted  from the  
basement or c r a w l - s p a c e .
-Design a l l  l iv in g  area (k itch en , l iv in g  room and 
fam ily  room! open to  a la rg e  expanse, fo r  i t  is
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much e a s i e r  to heat a l a rg e  room than s e v e ra l  
sm all  ones.
-P ro v id e  good v e n t i l a t i o n  under ro o f  and in  the 
a t t i c .
3 ) -  M a t e r i a l s :
-U se  l i g h t  co lo red  s h in g le s ;
-U se  a minimum amount o f  windows, a l l  windows 
must be o f  thermopane double  in s u la t in g  g l a s s ;
-P ro v id e  at l e a s t  10" in s u la t io n  on c e i l i n g  
and 4" o r  6 "  w ith  vapor b a r r i e r  on o u ts id e  
w a l l s ;
-Heat  ducts must be run in s id e  the in s u la t e d  
a r e a ;
-U se  3/8" wood s id in g  and cau lk  a l l  c ra ck s ;
4 ) -  L oca t ion  o f a p p l i a n c e s :
-U se  heat r e t r i e v a l ,  open a i r  cyc le  heat ing  
system s;
- I n s t a l l  exhaust fans in  a l l  bathrooms and k i t ­
chen;
-U s e  heat from the  f i r e p l a c e s  to heat a l l  the 
rooms in the house, in c lu d in g  the u p s t a i r  
bedrooms;
-U se  g l a s s  f i r e s c r e e n s  on a l l  f i r e p l a c e  openings
- P l a c e  s to ve ,  washer , d ryer  away from e x t e r io r  
doors  and w a l l s ;
-Do not p la ce  r e f r i g e r a t o r  near  heat r e g i s t e r s  
o r  in  d i r e c t  s u n l ig h t  a re a s .
With the above p re c a u t io n s ,  we a re  a b l e  to 
reduce the power load o f  a s tandard three bedroom 
house by one h a l f ,  as show, in  Tab le s  1 and 2.
A f t e r  surveying the popu la r  o p in ion  on house  
des ign  and s t y l i n g ,  we have a r r i v e d  at the conc lusion  
that most American fa m i l i e s  s t i l l  ch e r ish  a s in g l e  
detached fam ily  homes o f  e a r ly  C o lo n ia l  o r  New England 
a r c h i t e c t u r e ,  s im i la r  to  the one shown in F igu re  1.
S o l a r  C o l l e c tor
In the Mid-West, the amount o f  sun energy that  
could  be c o l l e c t e d  at noon hour v a r i e s  from 280 to 
300 BTU/hr-sq . f t . A r o o f - t o p  s o la r  c o l l e c t o r  o f  1,000 
s q . f t ,  in area would c o l l e c t  enough energy in one good 
sunny day to heat the proposed house f<5Y at l e a s t  three  
o r  four  cloudy d a y s . .T h e  c o l l e c t o r  i s  b u i l t  as a part  
o f  the ro o f  s t ru c tu re  so that s u b s t a n t i a l  s av in g s  on 
plywood and sh in g le s  may be used to compensate f o r  the 
cost o f  sheet metals  and g l a s s  or p l e x i g l a s s  co ve r .  
D e t a i l s  o f  cons t ruc t ion  is  g iven  in F igure  ft. The 
c o l l e c t o r s  are f a b r ic a t e d  o f wooden frames and u t i l i z e s  
b la c k -p a in te d  co r ruga ted  ijeLal p la t e s  as the a b s o rb e rs .  
To prevent breakages and to minimize maintenance c o s ts ,  
in s tead  o f  the g l a s s  cover one may use a n y lo n - r e in ­
fo rced  s o l a r  r e s i s t a n t ,  p l a s t i c - f a b r i c  m a te r ia l  .The 
t o t a l  annual heat c o l l e c t e d ,  as shown in F i g . 2, i s  
on ly  about 6% short  o f  the power requirement in the 
months o f  December and January but more than enough to 
coo l the house in  the summer months.
Heat Storage
With the reduced heat load  (276 BTU/hr/°F) o f  the , 
house, i t  r eq u ire s  o n ly  about 2.5x10-* BTU/day to  keep 
the in s id e  temperature at 70 °F  when the o u t s id e  temp­
e ra tu re  i s  at 20 °F . In  o rder  to s to r e  1 m i l l i o n  BTU 
f o r  four days u se ,  we need about 50,000 l b s .  o f  water  
o r  a volume of 1,000 cubic  f e e t .  A concrete  s to rag e  
tank ( 1 0 ' x 1 0 ' x 1 0 ' )  in su la ted  w ith  6 "  f i b e r g l a s s  
b a ts  may be constructed  in the basement l e v e l .  A d d it io n ­
a l  heat s to rag e  can be obta ined  by using rock , but 
i t  w i l l  r e q u ir e  twice the volume (about 2 , 0 0 0  c u . f t . )  
o f  water to s to r e  1 0 ^ BTU. We have d isca rded  the use 
o f  G l a u b e r 's  s a l t  or other  chem ica ls  in o rd e r  to keep 
the cost down to a minimum. An a u x i l i a r y  s to r a g e  tank 
(600 g a l l o n s )  i s  used fo r  hot water  in the w in te r  and 
as the condense r-evapo rato r  fo r  the NH^-H-,0 a i r  cond­
i t i o n in g  system in the summer.
Heating and Coo l ing
Water i s  c i r c u l a t e d  from the s to rag e  tank through  
the c o l l e c t o r  loop  at a r a t e  o f  1 0  l b s / s q . - h r ,  by a 
c i r c u l a t in g  pump c o n t ro l le d  by a com para t ive -type  
thermostat which w i l l  en e rg iz e  the pump when the c o l l e c t  
or temperature exceeds that o f  the s to r a g e  tank by 5°F.  
The heat energy ,  through a heat exchange r ,  i s  c a r r i e d  
through the l i v i n g  a re a  in the form o f  warm a i r  by a 
f a n - c o i l  un it  hav ing a v a r i a b l e  speed b low er  motor.
An a u x i l i a r y  e l e c t r i c  heat ing  c o i l  i s  in s e r t e d  in to  
the main plenum which w i l l  be en erg ized  when the a i r  
temperature f a l l s  below 68  ° F .  Domestic hot w ate r  i s  
sup p l ied  through a c o i l  immersed in  the sm a l le r  wate r  
tank. As shown in  F ig .  5, the f i r e p l a c e  i s  used as  
an a u x i l i a r y  hea t ing  system. In  o rd e r  to save energy  
from the s o l a r  system, the warm a i r  from the heat  
s to ra g e  i s  d i s t r i b u t e d  to a l l  the rooms through the 
plenum surrounding  the f i r e p l a c e  so  that when the  
f i r e p l a c e  i s  b e in g  in  u se ,  the main b low er  motor o f  the  
main l i n e  i s  shut o f f  when the a i r  temperature  around 
the f i r e p l a c e  i s  above 72°F.
For summer c o o l in g ,  we use a NH3 -H 2O ab s o rp t io n  
a i r  co n d it io n e r  w ith  the two water  s to rage  tanks as  
heat source and e v a p o ra to r -c o n d e n s e r . ( F i g . 4)
The o v e r - a l l  diagram o f  the heat ing  loop  is  
shown in F ig .  3 and F ig .  7. The f l o o r  p lans  shown in  
F ig .  5 and 6 g i v e  the lo c a t io n s  o f  heat r e g i s t e r s  
around the f i r p l a c e  in to  each room.
Cost A n a ly s is
<—  'B a sed  on the la b o r  and m a te r ia l  market o f  R o l l a ,
Mo. the co st  o f  the s o l a r  c o l l e c t o r  ( c o r ru ga ted  metal  
r o o f in g  m a t e r i a l  and g l a s s  o r  p l a s t i c  c o v e r )  i s  about  
the same as  the cost  o f  plywood and s h in g le s  in  a 
standard house. The on ly  e x t ra  c o s t  invo lved  would be  
the la bo r  cost f o r  i n s t a l l a t i o n .  The heat s to rag e  
tanks would cost a b o u t $ l , 0 0 0  w h i le  the duct work and 
the a i r  co n d it io n e r  i s  about the same as an e l e c t r i c  
fu rnace and a i r  co n d it io n e r  in standard  houses. Even 
i f  we inc lu de  the e x t ra  co s ts  o f  thermopane windows  
and in s u la t io n ,  the t o t a l  cost o f  our s o la r  house  
would not exceed that o f  a standard  house by more than  
1$2,000. Th is  can be q u ic k ly  recovered  through sav ing s  
jin power consumption and u t i l i t i e s  b i l l s  at a r a te  o f  
$50-75 pe r  month, or  roughly  in about two and h a l f  y ea r s
IConclusion
I t  i s  f e a s i b l e  in the immediate fu tu re  to b u i ld  
Sconomical and r e l i a b l e  s o l a r  house which w i l l  
supply  a t  l e a s t  75-80% o f energy fo r  hea t ing  and c o o l ­
ing  with a minimum a d d i t i o n a l  co s t  to the home buyer .
The key element o f  such a house i s  to conform w ith  
1 the n a tu ra l  environment in minimizing energy needs  
and to use on ly  cheap, commonly a v a i l a b l e  b u i ld in g  
m a t e r i a l s  fo r  heat c o l l e c t i o n  and s to rag e .  Uses o f  
a u x i l i a r y  and supplementary heat sources  must be in ­
co rpora ted  in to  the des ign  and co n s t ru c t io n  o f  the 
house. S p ec ia l  a t t e n t io n  must be paid to the e s t h e t i c  
and a r c h i t e c t u r a l  v a lue s  o f  the g e n e ra l  p u b l i c .
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Table 1 - Heating Load











1460 sq.ft.exterior wall 
Windows, 140 sq.ft.glass 
Ceiling, 1700 sq.ft. 




















Note: Standard house specifications: Rll insulation on walls,
R19 insulation on ceiling
Table 2 - Cooling Load








Exterior Walls, 1460 sq.ft. U*0.07
II T-18.6°F
Ceiling, 1700 sq.ft.










U = 0 .04 660 BTUh
T*11.3°F
U = 0 .0267
T = 2 3 .3°F





N o t e : Temperature for the summer is taken as 95°F outside and 
75°F inside
Windows for standard house are of single pane glass and for 
thermal house are of thermopane double insulating glass, Andersen
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Figure  1. Front E leva t io n  o f  a S a l t -B o x  House
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Figure 5. Floor plan for the 1st level
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Figure 9. Side Elevation of the Solar House
6 2
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Figure 10. Front Elevation of the Solar Houae
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